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The determination of the atmospheric pressire
at the surface of Mars by spectroscopic means is
based on the comparison of broad-band measurements
of strong CO. bands in the instrumental infrared
with the intensity of weak lines of the same molecule
at fower wavelengths {Kaplan, Miinch and Spinrad,
1964}, The absorption in a strong band. formed bv
non-overlapping pressure-broadened lines, is asvmipto-
tically proportional to the product {wp) between the
amount of absorber w and the pressure p of the
broadening zas. The weak line absorption, in con-
trast, deper:ds onlv on the net amount of absorber
At present. it appears that much of the uncertainty
affecting estimates of the pressure in Mars’ atmeos
phere arises from the difficalties asseaated with the
measurement of the equivalent widths of the very
‘weak hines ‘Chamberlain and Hunten. 196531, In
addition. the interpretation of the absorption by
strong bands 1s affected by uncertainties arising from
estimating the level of a “continuum”™ from which
the absorption is measured and the procedures fol-

lowed to allow for the CO, absorption in the earth's

atmosphere.

As a part of the general problem of redetermin-
ing the pressure in the Martian atmosphere. we have
studied the problem of iInterpreting strong hands
using ohservahles independent of estimates of the
“continuum’. The considerable amount of structure
shown by verv sirong bands. saturated 10 an extent
that the total absorpt
shightly with the amount of absorber. suggests that
detailet considerations of such a structure mav be
a sensitive measure of the amount of absorber In
the case of bands as regular in line structure as those
of the CO. molecule it would appear obvious to
attermpt to use the ratio between the maxima and
minima in the rotational structure as a criterion for
the amount {wp} of ahsorber. Naturally, this requires
resolving powers sufficiently high to resolve the rota-
tional structure of the bands. In practice, this require-
ment amounts to slit widths egual to at most one
half the wavelength separation § of the rotational
lines. Let wavelengths x be measured {rom an arbi-

icn thev produce varies only

trary origin in units of § and <uppose that the re-
sponse of the spectrometer-detecting systemn to a
monochromaric source s Ti/x. . We propose. as a
measure of the absorption. to use the ratc between
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terpretation of Strong CO, Absorption Bands
in the Spectrum of Mars®

cebauer

the power detected at the naximum between two
rotational hnes

H « Fix: o« dx (1

fpeak

and the power detected at the mummum in the center
of one line

N
L & JT{x: 7 ¥dx (2,
min'

where = (x 13 the net opnical depth arising from the
superposition of it the lines in the band or from the
extremne wines of lines in other hands.

A anabvueal evaluauon of the ratio H L s in-
structive for the case of an Elsasser band model and
an idealized apparatus function Tix". For the Elsas-
ser maodel we have (Goody, 19643

sinh 27\
- ixi = 2#11}‘ VS A (3\
cosh 2=v cos 2mwx
where v = oL & measures the collision width ay,

of the lines m units of the separation. and u =

Sal2- aLdf-pz*mk on the line strength S and the

amount of absorber a. If the apparatus function is

assamed 1o be o the form

T/x' = cos®=x {4)

1t can be shown that in the case v ¢« 1, we have

H _ 12 -« p Erfc a7+ ip = tZef

L. 2 . o Erfc 'x‘l‘ p =il P

where p = 2="uv® In the himit p =5 e it may be
further shown that the dominant term in the asvmpto-
tic expansion of Eq. (5} 1s

H . .
— -»2p + 2y asp > x . (6}

L

The asvmpratically linear dependence of H/L on p
is ohuousdy a consequence of the assumption Tfx)
cosizx. A slit function of the form ens™=x, in fact,
can be shown to inply ratios H'L depending asymp-
totically on p" In practice. a shit as wide as suggested
above namelv 3 x = 1.2 will not differ much from
cos’mx. except i the extended wings. It would be
expected, then, that {or a true apparatus function
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the raue H/L will vary nearly linearlv for large
amounts of ahbsorber.

In order to applv these general principles to the
interpretation of the (0. 4. 1} CO. band at 2.06,.
we have chserved the specrrum of Mars at the 114"

of the Coudé specirograph of the Mt Wilson

came=a
100-inch refector. A ’%)ﬁ groove. ' mm Bausch and

Lomb ‘"(“r)h("d grating provided a dispersinn of 11.3
A/mm in the first order. In order to increase the
signal-to-noise ratic a single exit slit was replaced by
a multisht of 3 units, with a ceparatinn such that
their centers agree with the position of the linf"
J = 12, 14 and 16 of the R-branch of the (0, 4,

band, and their width corresponds to half the 6 A
separation of the lines. The eflective resolving power
1s thus about 7000. The exit multislit. together with
an 8 mm focal length Si lens, a long pass 1.9
flter, an image deslicer, and a 0.5 x 0.5 mm?® PbhS
detector are mounted within the vacuum chamber
of a dewar cooled with liquid nitrogen. The spec-
iy i seanned by rotating the grating with a micro-
A scan of the A 20583y line of He ob-
inad using an entrance siit just matching that of the
exit shits, 1s shown in Fig. 1. and is the basis for de-
termining the spectrometer instrumental profile.

meter drive,

A tvpical tracing of the Mocn spectrum obtained
with 2 40 mm long entrance slit and with a time
constant of 0.6 sec 1s shown in Fig. 2. A spectrum of
the equatorial strip of Mars, obtamed with a time
constant of 25 sec 1s shown in Fig. 3. From tracings
such as these. obtained on Feb., 18-24, 1965, the
ratios H L between the maxima and minima, corres-
ponding to | = 14, have been read off, with the
results shown in Fig. 4.

In a prelimmnary analvsis of the data, we have
atteripted o find out how well the rauo H 'L ob-
served in the Moon, the
can be accounted {or by using the
give the net optical depth in the

as well as 1ts dependence on
marth’s air mass.
Elsasser mode! to
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Figure 2 Scan of the Moon spectrum in the R-branch of
the (0, 4, 1) band of CO,. Time constant 7.6 sec,
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F:s:’.‘"‘ 4 Dependence of the ratio between the maxima and
[T sorresponding to the lina J oo 14 fordinates) on air
maxs The empty circles refer to the Moon and the dots to
Mars. The curves represent raloulaticns in the Elsasser model
for a valur v == 085 and for the values »f S indicated in

cm! per atm. ¢m



line. The results of numerical integraton of Eqgs

(1: and {27 with v
ciuded mm Fig. 4: 1n
determined
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atmosphere with v as large as 105, the ratio R s not
twp o thus the difficulties
‘wp: for the Martian atmos-
phere from the combined absorption in the Martian
and Earth's atmosphere are compounded.

The attempts to fit the Martian data have
far not been as successful as those shown for the
Moon. In particular, the apparent steeper slope of
H L +< sec 7 has not been predicted, which means
that any interpretation of the {wp} of the Martian

0.05 and a range of S is in.
all cases
instrumental slit profile was used. Ex-
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atmosphere is premature. Very roughly, however, we
can say that at sec z = | the ratios obtained with
Mars' plus the Earth's atmosphere are rough‘v the

same as for a passage through 3 earth air mases.
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hetter ba"xd nde’ calculaticns are made.
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